Enzyme dynamics along the reaction coordinate: critical role of a conserved residue.
Conformational flexibility of the enzyme architecture is essential for biological function. These structural transitions often encompass significant portions of the enzyme molecule. Here, we present a detailed study of functionally relevant RNase A dynamics in the wild type and a D121A mutant form by NMR spin-relaxation techniques. In the wild-type enzyme, the dynamic properties are largely conserved in the apo, enzyme-substrate, and enzyme-product complexes. In comparison, mutation of aspartic acid 121 to alanine disrupts the timing of active-site dynamics, the product-release step, and global conformational changes, indicating that D121 plays a significant role in coordinating the dynamic events in RNase A. In addition, this mutation results in 90% loss of catalytic activity despite the absence of direct participation of D121 in the chemical reaction or in interactions with the substrate. These data suggest that one role of this conserved residue is to facilitate important millisecond protein dynamics.